After birth and during the first days of extrauterine life, pulmonary arterial pressure is progressively reduced to reach the adult values. We hypothesized that changes in PDE5 activity might be involved in the pulmonary postnatal maturation of the nitric oxide (NO)/cGMP pathway. The PDE5 inhibitor sildenafil produced vasorelaxant responses in isolated pulmonary arteries. These effects were similar in newborn (3-18 h) and 2-wk-old piglets, unchanged by endothelium removal, and markedly inhibited by the soluble guanylyl cyclase inhibitor ODQ. The peak of the transient vasorelaxant response to NO gas increased with postnatal age but was unaffected by PDE inhibition. However, the duration of the response to NO was significantly increased. The vasorelaxant response to sodium nitroprusside was potentiated by sildenafil in both age groups. The PDE5 inhibitors dipyridamole and zaprinast, produced qualitatively similar effects but with lower potency. Both total and PDE5-dependent cGMP hydrolytic activity and PDE5 protein expression increased with postnatal age. All these results suggest that PDE5 is a key regulator of NO-induced vasodilation in the postnatal pulmonary arteries. PDE5 inhibition is able to produce pulmonary vasodilation even in the absence of a functional endothelium and potentiates the vasorelaxant response to exogenous NO and nitroprusside. However, PDE5 is not responsible for the maturational increase of NO bioactivity during the first days of extrauterine life. Successful adaptation of the newborn to postnatal conditions requires a dramatic transition of the pulmonary circulation. During the first minutes of extrauterine life, as the lung becomes responsible for blood oxygenation and there is a marked reduction in pulmonary vascular resistance (1,2). A second phase of pulmonary vascular resistance reduction takes place over the first 2 wk of extrauterine life in pigs and humans to reach the pulmonary pressure values characteristic of the adult (1,3). Several groups have consistently reported a low activity of the NO/cGMP pathway for smooth muscle vasodilation during the first hours of extrauterine life in rabbit, lamb, and piglet pulmonary arteries (4 -8). This NO activity increases during the first 2 wk in parallel with the postnatal reduction in pulmonary arterial pressure. Some infants fail to achieve or sustain the normal decrease in pulmonary vascular resistance at birth, which leads to severe respiratory distress and hypoxemia, referred to as PPHN (1,9).
After birth and during the first days of extrauterine life, pulmonary arterial pressure is progressively reduced to reach the adult values. We hypothesized that changes in PDE5 activity might be involved in the pulmonary postnatal maturation of the nitric oxide (NO)/cGMP pathway. The PDE5 inhibitor sildenafil produced vasorelaxant responses in isolated pulmonary arteries. These effects were similar in newborn (3-18 h) and 2-wk-old piglets, unchanged by endothelium removal, and markedly inhibited by the soluble guanylyl cyclase inhibitor ODQ. The peak of the transient vasorelaxant response to NO gas increased with postnatal age but was unaffected by PDE inhibition. However, the duration of the response to NO was significantly increased. The vasorelaxant response to sodium nitroprusside was potentiated by sildenafil in both age groups. The PDE5 inhibitors dipyridamole and zaprinast, produced qualitatively similar effects but with lower potency. Both total and PDE5-dependent cGMP hydrolytic activity and PDE5 protein expression increased with postnatal age. All these results suggest that PDE5 is a key regulator of NO-induced vasodilation in the postnatal pulmonary arteries. PDE5 inhibition is able to produce pulmonary vasodilation even in the absence of a functional endothelium and potentiates the vasorelaxant response to exogenous NO and nitroprusside. However, PDE5 is not responsible for the maturational increase of NO bioactivity during the first days of extrauterine life. Successful adaptation of the newborn to postnatal conditions requires a dramatic transition of the pulmonary circulation. During the first minutes of extrauterine life, as the lung becomes responsible for blood oxygenation and there is a marked reduction in pulmonary vascular resistance (1, 2) . A second phase of pulmonary vascular resistance reduction takes place over the first 2 wk of extrauterine life in pigs and humans to reach the pulmonary pressure values characteristic of the adult (1, 3) . Several groups have consistently reported a low activity of the NO/cGMP pathway for smooth muscle vasodilation during the first hours of extrauterine life in rabbit, lamb, and piglet pulmonary arteries (4 -8) . This NO activity increases during the first 2 wk in parallel with the postnatal reduction in pulmonary arterial pressure. Some infants fail to achieve or sustain the normal decrease in pulmonary vascular resistance at birth, which leads to severe respiratory distress and hypoxemia, referred to as PPHN (1, 9) . cGMP is a key second messenger in the regulation of vascular smooth muscle tone (10) whose intracellular concentrations are tightly controlled by the balance between its synthesis and hydrolysis. cGMP is synthesized by a family of guanylyl cyclases (10), whose activities are mainly controlled by NO and ANP. cGMP is hydrolyzed by cyclic nucleotide PDE, a superfamily of isozymes consisting of at least 11 families, PDE1 to PDE11 (11, 12) . Thus, the vasodilator/ antiproliferative effects of NO and ANP in the pulmonary circulation can be limited by the activity of PDE. PDE5 is a cGMP-specific PDE isoform whereas PDE1 can hydrolyze both cAMP and cGMP, and both isoforms are abundant in the lung (11) (12) (13) (14) . PDE5 activity is increased in pulmonary arteries from rats with chronic hypoxia-induced pulmonary hypertension (14) and in lambs with pulmonary hypertension after in utero aortopulmonary vascular graft placement (15) or with PPHN induced by compression of the ductus arteriosus in utero (16) . Moreover, the specific PDE5 inhibitor sildenafil has been recently reported to be a selective pulmonary vasodilator useful for the treatment of adult pulmonary hypertension (17) (18) (19) . In addition, sildenafil lowers pulmonary vascular resistance in an experimental model of PPHN (20) and anecdotal use of sildenafil in PPHN have also been reported (21) . Maturational changes in PDE5 activity and expression have been reported in mouse, rat, and sheep whole lung homogenates and proposed to be involved in the postnatal decrease in pulmonary vascular resistance (22) (23) (24) . However, in the lung, PDE5 is present, at least, in pulmonary arteries, pulmonary veins, trachea, bronchi, and epithelium (25) (26) (27) (28) , and little is known about the maturation of PDE5 specifically in pulmonary arteries and its functional role in the regulation of the NO/cGMP pathway in the pulmonary circulation during early life.
Therefore, we hypothesized that PDE activity could modulate vascular tone and the vasorelaxant responses to the NO/cGMP pathway in neonatal pulmonary arteries and that changes in PDE5 activity and PDE5 protein expression might be involved in the postnatal maturation of the NO/cGMP pathway.
METHODS
All the procedures conform with the Guide for the Care and Use of Laboratory Animals (National Institutes of Health publication No. 85-23, revised 1996) and were approved by our institutional review board.
Tissue preparation. Male piglets of 3-18 h (newborn, n ϭ 32) or 15-20 d of age (2 wk, n ϭ 40) from a local farm were used in this study. The lungs were rapidly immersed in cold (4°C) Krebs solution (composition in mM: NaCl 118, KCl 4.75, NaHCO 3 25, MgSO 4 1.2, CaCl 2 2.0, KH 2 PO 4 1.2, and glucose 11). The pulmonary arteries (third branch with an internal diameter of about 0.5-1.5 mm) were carefully dissected free of surrounding tissue and cut into rings of 2-3 mm length (8, 29) . Except where otherwise stated, the endothelium was removed by gently rubbing the intimal surface of the rings with a metal rod. The endothelium removal procedure was verified by the inability of acetylcholine (10 Ϫ6 M) to relax arteries precontracted with noradrenaline (10 Ϫ6 M). Contractile tension recording. Rings were mounted between two hooks in a 5-mL organ bath filled with Krebs solution at 37°C gassed with a 95% O 2 /5% CO 2 gas mixture. At this concentration, O 2 did not modify the relaxant response to NO in previous studies (7) . The arteries were stretched to their optimal resting tension (0.5 and 0.7 g for newborn and 2-wk animals, respectively), at which the rings produced the maximal contractile response to KCl in previous experiments. The contraction was measured by an isometric force transducer using data acquisition software and hardware as previously described (8, 29) . Rings were precontracted with the thromboxane A 2 mimetic 9,11-dideoxy-11␣,9␣-epoxymethanoprostaglandin F 2␣ (U46619, 10 Ϫ7 M) which induced a submaximal contractile response (430 Ϯ 31 mg, n ϭ 32 and 1012 Ϯ 76 mg, n ϭ 40, in newborn and 2-wk-old piglets, respectively). In previous experiments, these contractions were equally effective in the two age groups when expressed as a percentage of the responses induced by 40 mM KCl (8) . Then, concentrationresponse curves to the PDE inhibitors, sodium nitroprusside, and forskolin were carried out by cumulative addition of the drugs. As sildenafil was the most potent and selective PDE5 inhibitor, this drug was preferentially used for further experiments. Due to the rapid disappearance of NO gas in the bath, the curves to NO were performed in a noncumulative fashion by addition of increasing volumes of Krebs solution saturated with NO. In some experiments, U46619-stimulated rings were treated for 20 min with the soluble guanylyl cyclase inhibitor ODQ (3 M), the nonselective inhibitor of NO synthase (NOS) N-nitro-L-arginine methyl ester (L-NAME) (0.1 mM) or the selective inhibitor of the inducible form of NOS (iNOS) 1400W (10 M). The concentration-response curves to NO or nitroprusside were also performed in arteries pretreated for 20 min in the presence of PDE inhibitors at concentrations producing threshold vasorelaxant responses (10 -30%). To prepare the NO saturated solutions, a 20-mL vial of Krebs solution was initially bubbled with N 2 for 15 min and then continuously bubbled with NO (450 ppm) as described (29) . The concentration of NO in the saturated solution was measured by an amperometric NO-sensitive electrode (ISO-NO, WPI, Sarasota, FL). The vehicle DMSO at the maximal concentration used (0.1%) had no significant effect on U46619-induced tone or NO-induced vasorelaxation.
Western blot analysis. Pulmonary arteries were isolated, frozen in liquid nitrogen, and stored at Ϫ80°C. Piglet mesenteric arteries of a similar diameter and piglet platelets were used as positive controls. Platelets were obtained by centrifuging citrated (3.8%) blood at 120 g for 10 min, the supernatant was further centrifuged at 1000 g for 10 min and the pellet stored at Ϫ80°C. Frozen arteries and platelets were homogenized in a glass potter in 300 L of a buffer of the following composition: 10 mM HEPES (pH 8), 10 mM KCl, 1 mM EDTA, 1 mM EGTA, 1 mM DTT, 40 g/mL aprotinin, 4 g/mL leupeptin, 4 g/mL N␣-p-tosyl-L-lysine chloromethyl ketone, 5 mM NaF, 10 mM Na 2 MoO 4 , 1 mM NaVO 4 , and 0.5 mM phenylmethanesulfonyl fluoride. The homogenate was centrifuged at 100,000 g for 30 min. The supernatant (cytosolic fraction) was collected and the protein content was determined using the Bradford assay (reagents from Bio-Rad, Hercules, CA). Western blotting was performed with 20 g of protein from the cytosolic fraction of pulmonary or mesenteric arteries, 12 g of protein from platelet homogenates, and 2 L of a purified bovine PDE5 standard (Calbiochem, Darmstadt, Germany) per lane. SDS-PAGE (7.5% acrylamide) was performed using the method of Laemmli in a mini-gel system (Bio-Rad). Samples from newborns and 2-wk-old animals were run in 564 parallel. The proteins were transferred to polyvinylidene difluoride membranes overnight, incubated with rabbit anti-PDE5 polyclonal antibody (1:1000, Calbiochem), and then with an anti-rabbit secondary horseradish peroxidase conjugated antibody. The bands were visualized by chemiluminescence (ECL, Amersham Pharmacia Biotech UK, Ltd., Little Chalfont, buckinghamshire, UK) and quantified using an image analysis software (TotalLab, Nonlinear Dynamics, Newcastle upon Tyne, UK). The results were expressed as a percentage of the data of newborn animals.
PDE activity. PDE activity was measured by a two-step radioenzymatic assay, as previously described (30) . Assay was performed at a substrate concentration of 1 M [ 3 H]cGMP, with or without addition of the PDE5 inhibitor zaprinast (10 M). QAE-Sephadex A 25 columns were used to separate the final products (guanosine) from the residual substrate (cGMP). The specific activity of PDE5 was measured by subtracting the activity in the presence of zaprinast from the total cGMP-PDE activity.
Drugs. U46619 was from Alexis Biochemicals (Läufelfin-gen, Switzerland), ODQ (1H- [1, 2, 4] oxadiazolo [4,3-a] quinoxalin-1-one) from Tocris Cookson Ltd (Bristol, UK), sildenafil was a gift from Pfizer (New York, NY) and all other drugs from Sigma Chemical Co. (Alcobendas, Spain). Drugs were dissolved initially in distilled deionized water (except for ODQ, dipyridamole, zaprinast, and vinpocetine in DMSO) to prepare a 0.01 M stock solution and further dilutions were made in Krebs solution.
Statistical analysis. Results are expressed as means Ϯ SEM and n reflects the number of animals from which the arterial rings were obtained. Individual cumulative concentration-response curves were fitted to a logistic equation. The drug concentration exhibiting 30% relaxation was calculated from the fitted concentration-response curves for each ring and expressed as negative log molar (ϪLog[IC 30 ]). The half-life of the transient vasorelaxant response to NO was calculated by measuring the time from the peak relaxant response to 50% recovery. Statistically significant differences between groups were calculated by t test for unpaired observation or for multiple comparisons by an ANOVA followed by a Newman-Keuls test. A value of p Ͻ 0.05 was considered statistically significant.
RESULTS

Vasorelaxant effects of PDE inhibitors.
In endotheliumintact pulmonary arteries from newborn and 2-wk-old piglets stimulated with U46619 (0.1 M), the specific PDE5 inhibitor sildenafil (0.1 nM-1 M) produced concentration-dependent vasorelaxant responses (Fig. 1) . These effects were not significantly different in newborn and in 2-wk-old animals ( Table 1) . The modulatory role of the endothelium was analyzed by comparing the activity in intact and endothelium-denuded arteries. Endothelium removal had no effects on the vasorelaxation induced by sildenafil (Fig. 1) . The role of basal cGMP was analyzed using the inhibitor of soluble guanylyl cyclase ODQ (3 M). Administration of ODQ in pulmonary arteries stimulated with U46619 substantially increased the vasoconstriction (68 Ϯ 6.8% and 68 Ϯ 12.9% of the previous tone in newborn and 2-wk-old animals, respectively). The role of NO synthesized by NOS in the relaxant effect induced by sildenafil was also studied. Treatment with the nonselective NOS inhibitor L-NAME (0.1 mM) or with the iNOS inhibitor 1400W (10 M) had no effect on the relaxation induced by sildenafil (Fig. 1) .
The PDE5 inhibitors zaprinast (0.1-10 M) and dipyridamole (0.1-10 M), which inhibit PDE1 at higher concentrations, were 100-to 300-fold less potent than sildenafil on vasorelaxation (Table 1) , as described on PDE5 activity (31, 32) , and their effects were similar in both age groups. The effects of zaprinast were also unaffected by endothelium removal but inhibited by ODQ (not shown). The PDE1 inhibitor vinpocetine produced a clear vasorelaxant response only at high concentrations (100 M) and the effect was also similar in both (Table 1) . However, the effects of vinpocetine were not affected by ODQ (not shown).
Effects of PDE inhibition on NO-and nitroprussideinduced pulmonary vasorelaxation. The possible potentiation of NO gas-and nitroprusside-induced pulmonary vasorelaxation was analyzed in the presence of a PDE inhibitor concentration eliciting a 10 -30% relaxation. The peak relaxant response to NO gas increased significantly with postnatal age (e.g. 39 Ϯ 5.2% and 65.7 Ϯ 7.9% of the previous tone at 200 nM NO in newborn and 2-wk-old animals, respectively; p Ͻ 0.01), as previously described (8) . These peak relaxant responses were not affected by sildenafil (3 nM) in either age group (Fig. 2, A and B) . Higher concentrations of sildenafil (10 nM), 10 M zaprinast, 1 M dipyridamole, or 30 M vinpocetine were also without significant effect (not shown). However, the analysis of the kinetics of the responses induced by a single concentration of NO (200 nM) revealed that, although the durations of the response were similar in the two age groups (half-lives of 85 Ϯ 8 s and 88 Ϯ 17 s in newborn and 2-wk-old animals, respectively), they were significantly increased (p Ͻ 0.05) by 3 and 10 nM sildenafil, 10 M zaprinast, and 1 M dipyridamole in both age groups (Fig. 2, C and D) . In contrast, the PDE1 inhibitor vinpocetine (30 M) had no effect on the duration of the response to NO (Fig. 2C) .
The specific PDE5 inhibitor sildenafil, at 3 nM, significantly increased nitroprusside-induced vasorelaxation (Fig. 3) in the older animals (3.4-fold, p Ͻ 0.05) but not in newborns (2.2-fold, NS), whereas at 10 nM it increased nitroprusside-induced vasorelaxation at both ages (9.6-and 16.8-fold for newborn and 2-wk-old animals, respectively, p Ͻ 0.05 for both). However, sildenafil (10 nM) had no effect on the relaxant responses to the adenylyl cyclase activator forskolin in either age group (not shown). The potency of nitroprusside in pulmonary arteries from newborn animals also increased in the presence of zaprinast (10 M) by 6.2-fold (p Ͻ 0.05), whereas dipyridamole (1 M) had no significant effect (1.2-fold increase). In the older animals, the potency of nitroprusside was significantly increased by the two inhibitors (8.7-and 14.7-fold, respectively). In contrast, the PDE1 inhibitor vinpocetine (30 M), which by itself reduced U46619-induced contractions by 13 Ϯ 3% and 26 Ϯ 6% in newborn and 2-wk-old piglets, respectively, had no effect on nitroprusside-induced relaxation in either age group (not shown).
Total PDE and specific PDE5 activity. The hydrolysis of cGMP in homogenates of pulmonary arteries was strongly inhibited by the PDE5 inhibitor zaprinast (10 M), so that PDE5 accounted for a 63 Ϯ 2% and 66 Ϯ 2% of the total PDE activity in newborn and 2-wk-old animals, respectively (n ϭ 4 -6). Both total and specific PDE5 cGMP hydrolysis increased with postnatal age (Fig. 4) .
PDE5 expression.
In Western blots using an antibody directed toward purified bovine PDE5, two bands of approximately 93-98 kD were detected in the cytosolic fraction of piglet pulmonary arteries (Fig. 5A) . The heavier band co-migrated with purified bovine PDE5 standard and was also present in piglet platelets and piglet mesenteric arteries, which were used as positive controls, whereas the lighter one was only present in the mesenteric arteries. Preliminary experiments indicated that these bands were almost undetectable in particulate fractions from pulmonary arteries (not shown), which is consistent with the poor PDE5 activity previously found in the particulate fraction of homogenates from bovine and rat pulmonary arteries (31, 32) . Consistent with the age-dependent increase in PDE5 activity, an increased expression of cytosolic PDE5 was observed in 2-wk-old animals when compared with newborns (Fig. 5B) . The lower band observed in the Western blots was similar in the two age groups, and its nature is presently unknown but it might represent a lower molecular weight 5'-splice variant of PDE5 (e.g. PDE5A2) (13, 33) .
DISCUSSION
In the present study, we have analyzed the postnatal maturation of PDE5 and its role in the regulation of vascular tone in piglet pulmonary arteries. The results can be summarized as follows: 1) The specific PDE5 inhibitor sildenafil produced a vasorelaxant response that did not require the presence of a functional endothelium but was dependent on the activity of soluble guanylyl cyclase.
2) The potency of sildenafil was similar in newborns and 2-wk-old animals. 3) Sildenafil did not modify the peak but prolonged the duration of the relaxant responses to NO similarly in the two age groups. 4) In contrast, it increased the relaxant potency of sodium nitroprusside at both ages. 5) The PDE5 inhibitors zaprinast and dipyridamole, which also inhibit PDE1 at high concentrations, produced qualitatively similar effects but with a lower potency. 6) PDE5 accounted for 65% of the total cGMP-PDE activity and both total and PDE5-specific cGMP hydrolysis and PDE5 protein expression increased with postnatal age. PDE5 is expressed in a variety of organs, including lung, placenta, kidney, aorta, platelets, corpora cavernosa, and several brain regions (13, 33) . PDE5 activity has been reported to be the major metabolic pathway for cGMP in pulmonary arteries and, therefore, an important contributor in the regulation of pulmonary arterial tone (31, 32) . In the present study, PDE5 accounted for approximately 65% of the cyclic-GMP hydrolytic activity in pulmonary arteries from newborns and 2-wk-old piglets, i.e. results similar to those reported in bovine (31) and rat pulmonary arteries (32) . This prominent role of PDE5 in pulmonary arterial tone was consistent with the potent 
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vasorelaxant effects of the PDE5 inhibitor sildenafil. The fact that vinpocetine, which is supposed to be a specific PDE1 inhibitor (11), required high concentrations to induce vasorelaxant responses that were unaffected by inhibition of soluble guanylyl cyclase and was unable to inhibit bovine vascular and rat cardiac PDE1 (IC 50 Ͼ100 M, personal unpublished data), suggests that it is not appropriate to characterize PDE1 (34,35).
Dipyridamole and zaprinast inhibit PDE5 at low (Ͻ1 M) and PDE1 at higher concentrations (Ͼ10 M) (11, 32) . Their vasorelaxant effects appear to be due mainly to their inhibitory effects on PDE5 because, at the concentration used, they potently inhibited PDE5 and they showed a vasorelaxant and NO-potentiating profile similar to sildenafil and different from vinpocetine. 
PDE5 IN NEWBORN PULMONARY ARTERIES
As previously described in rat pulmonary arteries (33), the vasorelaxant effects of PDE5 inhibitors were unaffected by endothelium removal, suggesting that PDE5 activity is mainly present in the media layer. Furthermore, our experiments indicate that basal release of NO from the endothelium is not required for the vasorelaxant effects of PDE5 inhibitors. However, ODQ strongly reduced the vasorelaxant effects of sildenafil and zaprinast, suggesting that basal activity of soluble guanylyl cyclase produces cGMP concentrations sufficient to induce a strong vasorelaxant effect when PDE5-dependent cGMP hydrolysis is reduced. NO can theoretically be produced by the inducible form of NO synthase (iNOS) in vascular smooth muscle and stimulate guanylyl cyclase. However, this does not seem to be the case in our preparations inasmuch as iNOS inhibition with 1400W had no effect on the relaxation induced by sildenafil, indicating that NO synthesized by iNOS is not required for basal cGMP levels. A possible residual effect of eNOS after endothelium removal can be also excluded because the nonselective NOS inhibitor L-NAME had no effect on sildenafil-induced relaxation. As expected, PDE5 inhibitors increased the relaxant responses to agents stimulating soluble guanylyl cyclase (i.e. NO and nitroprusside). However, there was a different effect of PDE5 inhibitors on NO-as compared with nitroprusside-induced relaxations. The fact that PDE5 inhibitors did not change the peak relaxant response to NO can be explained by the short time of exposure of the arteries to NO and by the rapid and transient nature of the relaxation compared with that of nitroprusside (29) . The half-life of NO gas in the tissue bath is approximately 15 s (29) , so that the cGMP that induces the relaxant response is expected to be synthesized in high amounts during a short time and then the rate of decay of intracellular concentrations of cGMP would depend on PDE activity. Thus, the maximum cGMP would be unaffected by PDE5 activity. In this case, PDE5 inhibitors would prolong the duration but not the maximal relaxant response to NO, as we have observed. However, when the stimulation of guanylyl cyclase is more sustained, as occurs with nitroprusside, cGMP concentrations depend on the balance of its synthesis and hydrolysis rates and inhibition of PDE5 is expected to produce a progressive cGMP accumulation. Therefore, in contrast to the result with NO gas, the concentration-response curves to nitroprusside were shifted to the left by PDE5 inhibitors.
An increase in PDE5 activity and/or expression during the early postnatal period has been found in mouse, rat, and sheep whole lung homogenates (22) (23) (24) . In the lung, PDE5 is present, at least, in pulmonary arteries, pulmonary veins, trachea, bronchi, and epithelium (25) (26) (27) (28) . In the present study, we have analyzed the activity and expression of PDE5 specifically in pulmonary arteries from newborn and relatively mature piglets and their functional correlate, i.e. the vasorelaxant and NOpotentiating effects of PDE5 inhibitors. PDE5 activity increased with postnatal age. Even when we found no age-dependent statistical differences in the effects of individual PDE5 inhibitors, there was a trend for an increase with age in the vasorelaxant effects of the three inhibitors tested and also a trend for a stronger potentiation by PDE5 inhibitors of nitroprusside-induced relaxation in the older animals, which are likely to be related to the age-dependent change in PDE5 activity. PDE5 activity has been reported to be modulated by cGMP through a protein kinase G-dependent phosphorylation (36) . However, PDE5 expression also increased postnatally suggesting that changes in activity result from increased gene expression rather than changes in the phosphorylative status of the PDE5 protein.
During the first hours of extrauterine life there is a low responsiveness of pulmonary arteries to endothelium-derived or exogenous NO, which increases during the first 2 wk in parallel with the postnatal reduction in pulmonary arterial pressure (4 -8) . Changes in PDE5 activity would be a potential candidate to explain this maturational process. However, PDE5 activity and expression was lower in newborns, which should lead to increased rather than reduced NO bioactivity. Furthermore, the peak relaxant response to NO increased with postnatal age but was unaffected by PDE5 inhibitors. Inasmuch as this response is almost abolished by ODQ (8) , the lack of effect of PDE5 inhibitors cannot be due to a cGMP-independent mechanism. On the contrary, the half-life of the vasorelaxant response to NO, which was sensitive to inhibition of PDE5, did not change postnatally. Taken together, these results indicate that PDE5 is not responsible for the low responsiveness to NO of pulmonary arteries after birth. However, as opposed to NO, the vasorelaxant responses to carbon monoxide (CO) in piglet pulmonary arteries, which are also due to activation of soluble guanylyl cyclase, decreased with postnatal age (7) . Moreover, the responses to 8-bromo cGMP, a membrane permeable analog of cGMP, which is relatively resistant to hydrolysis by PDE were not significantly modified by postnatal age (7) . Thus, the increase in PDE5 activity in pulmonary arteries is consistent with this decrease in the responsiveness to CO. Therefore, the different maturational profile of the responsiveness to NO and CO probably reflects changes in the bioavailability of NO in the smooth muscle cells (8) .
Inhaled NO, is an effective pulmonary vasodilator used in near-term or term infants with PPHN. However, it fails to improve oxygenation in about 50% of the patients and does not change mortality (37) , which has led to the search for alternative treatments. Recently, sildenafil has been proposed as a useful therapy for the treatment of adult pulmonary hypertension (17) (18) (19) 38) . In fact, the combination of inhaled NO and sildenafil seems to lower pulmonary vascular resistance in a synergistic manner (19) . The prominent role of PDE5 in cGMP hydrolysis and the effective vasorelaxant effects of sildenafil in neonatal pulmonary arteries as described herein together with the effectiveness in experimental models of PPHN (20) supports a role for this drug in human persistent neonatal pulmonary hypertension. However, in a recent report, the pulmonary vasodilation induced by sildenafil in a porcine model of meconium aspiration syndrome was accompanied by a deleterious effect on arterial oxygenation (39) .
In conclusion, taken together, these results suggest that PDE5 is a key regulator of NO-induced vasodilation in the postnatal pulmonary arteries. PDE5 inhibition is able to produce pulmonary vasorelaxation even in the absence of a functional endothelium and prolongs and/or increases the vasorelaxant response to exogenously added NO and nitroprusside. However, PDE5 does not seem to be responsible for the maturation of NO bioactivity during the first days of extrauterine life.
